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From USACE (1999)                       Figure 3-6



From USACE (1999)                       Figure 3-7



From USACE (1999)                       Figure 3-8



From USACE (1999)                       Figure 3-9



From USACE (1999)                       Figure 3-10



From USACE (1999)                       Figure 3-11



From USACE (1999)                       Figure 3-12



From USACE (1999)                       Figure 3-13



 
Figure 3-15: Jones Tract Breach June 3, 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-16: Jones Tract Breach June 3, 2004 – Peat Blocks at Edge of Scour Pond 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-17: Jones Tract Breach June 3, 2004 – Peat Blocks at Edge of Scour Pond 
 
 
 

 
Figure 3-18: Venice Island Aerial View of Scour Holes 
 
 
 



 
 
Figure 3-19: Venice Island – East Scour Hole (Nov. 30, 1982) 
 

 
 
Figure 3-20: Venice Island – South-East Scour Hole (1950) 
 
 



 
Figure 3-21: Venice Island South Scour Hole (1938) 
 
 
 
 

 
Figure 3-22: Location of Scour Holes  - Webb Tract 



 
Figure 3-22: Webb Tract East Scour Hole (Jan. 18, 1980) 
 
 

 
 
Figure 3-23: Webb Tract North Scour Hole (1950) 
 
 



 
Figure 3-24: Tyler Island (Feb. 19, 1986) 
 
 

 
Figure 3-25: Bradford Island East Scour Hole (Dec. 3, 1983) 
 



 
Figure 3-26: Bradford Island East Scour Hole (Dec. 3, 1983) 
 
 
 

 
Figure 3-27: Ryer Island S-W Scour Hole (Feb. 1986) 



 
 
Figure 3-28: Holland Tract- N-E Scour Hole (Jan.18, 1980) 
 

 
 
Figure 3-29: MacCormack-Williamson-East (Jan 1997) 
 
 
 



 
 
Figure 3-30: Quimby Island-West (Dec. 26, 1955) 
 
 

 
 
Figure 3-31: Sherman Island-South (Jan. 20, 1969) 
 
 



 
 
Figure 3-32: Empire Tract Breach (Dec. 26, 1955) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-33: Mildred Island (1975) 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-34a: Mildred Island (Flooded Jan. 27, 1983) 
 

 
Figure 3-34b: Mildred Island (Flooded in Jan 27, 1983) 



 
 

 
 
Figure 3-34c: Mildred Island – N-E Breach (Jan 27, 1983) 
 
 

 
 
Figure 3-35: Little Franks Flooded (1983) 
 



 
 
Figure 3-36a: Little Mandeville Island (Flooded August 2, 1994) 
 

 
 
Figure 3-36b: Little Mandevillle Breach (Flooded august 2, 1994) 
 
 
 



 
 
Figure 3-37a: Rhode Island (Flooded 1971) 
 

 
 
Figure 3-37b: Rhode Island Breach – E (Flooded 1971) 
 
 



 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-38a: Franks Tract (Flooded 1938) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-38b: Franks Tract (Flooded 1938) 
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Figure 
4-5
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Figure 
4-6
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Surface Elevation Map
Delta Risk Management Strategy (DRMS)
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Figure 
4-7
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Crown Elevation Map
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Figure 
4-8
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Schematic Illustration of Development 
of Delta Levees (DWR, 1992)
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4-9
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Typical Delta Levee
Cross Sections

Delta Risk Management Strategy (DRMS)
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Figure 
4-10
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Typical Suisun Marsh Levee
Cross Sections

Delta Risk Management Strategy (DRMS)
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Figure 
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Figure 
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Figure 
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Vaiation of Thickness of Organic Materials
Along S-N Direction

Delta Risk Management Strategy (DRMS)
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Figure 
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Vaiation of Thickness of Organic Materials
Along W-E Direction

Delta Risk Management Strategy (DRMS)
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Total Head and Vertical Gradient 
Contours for Slough Water EL: 0 ft
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Figure 
5-5

Project No. 26815621

Total Head and Vertical Gradient 
Contours for Slough Water EL: +4 ft

Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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Figure 
5-6

Project No. 26815621

Total Head and Vertical Gradient 
Contours for Slough Water EL: +7 ft

Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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Figure 
5-7

Project No. 26815621

Total Head and Vertical Gradient 
Contours for Slough Water EL: 0 ft

- Model without Drainage Ditch
Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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Figure 
5-8

Project No. 26815621

Total Head and Vertical Gradient 
Contours for Slough Water EL: +4 ft

- Model without Drainage Ditch
Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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Figure 
5-9

Project No. 26815621

Total Head and Vertical Gradient 
Contours for Slough Water EL: +7 ft

- Model without Drainage Ditch
Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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Figure 
5-10

Project No. 26815621

Effect of Permeability of Peat
Initial Analysis -Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
1.  Gradients were calculated for seepage model with ditch and 
     2 ft silt sediment deposit at slough bottom.
2.  All elevations are referenced to NAVD88
                    (NAVD88 = NGVD29 + 2.5 ft)
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Figure 
5-11

Project No. 26815621

Effect of Permeability of  Sand Aquifer
Initial Analysis -Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
1.  Gradients were calculated for seepage model with ditch and  
     2 ft silt sediment deposit at slough bottom.
2.  All elevations are referenced to NAVD88
                 (NAVD88 = NGVD29 + 2.5 ft)
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Figure 
5-12

Project No. 26815621

Effect of Slough Sediment 
Initial Analysis -Terminous Tract

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
1.  Gradients were calculated for seepage model with ditch.
2.  All elevations are referenced to NAVD88
                 (NAVD88 = NGVD29 + 2.5 ft)
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Figure 
5-13

Project No. 26815621

Delta Risk Management Strategy (DRMS)
Levee Fragility Effect of Drainage Ditch 

Initial Analysis -Terminous Tract

Note:
Gradients were calculated for seepage model with 
2 ft silt sediment deposit at slough bottom.

Elevations are referenced to NAVD88
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Area", COE, 1993.
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assumed that the top foundation layer has 10 ft thick peat/organic material.
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Topography and Boring Data 
Grand Island 

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Project No. 26815621

Idealized Cross section 
Grand Island 

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)
Water Elevation: +16 ft (NAVD88)
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Figure 
5-16

Project No. 26815621

Delta Risk Management Strategy (DRMS)
Levee Fragility Monitored Slough Water Level at

Walnut Grove Station (ID:91650)
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Project No. 26815621

Finite Element Mesh and 
Boundary Conditions

Grand Island Underseepage Problem

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
5-18

Project No. 26815621

Total Head & Vertical Gradient 
Contours for (kh/kv)peat = 10

Grand Island Underseepage Problem

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)
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Figure
5-19

Project No. 26815621

Total Head & Vertical Gradient 
Contours for (kh/kv)peat = 100

Grand Island Underseepage Problem

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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Figure 
5-20

Project No. 26815621

Total Head & Vertical Gradient 
Contours fro (kh/kv)peat = 1000

Grand Island Underseepage Problem

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours
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Point B

Point B



-100

-50

0

50

100

E
le

va
tio

n 
(ft

)

-1000 -950 -900 -850 -800 -750 -700 -650 -600 -550 -500 -450 -400 -350 -300 -250 -200 -150 -100 -50 0 50 100 150 200 250 300
Horizontal Distance (ft)

Sand (SM/SP)

CL

Peat & Organics- Free field
(25 ft thick)

Peat and Organics - under levee

SM (Fill)

EL -10 ft
EL +11 ft

EL -25 ft
EL -12 ft

Slough 
Center-line

Sediment (2 ft)

WE: +4 ft

Note:
Typical cross section with drainage ditch and slough sediment
Landside slope: 3:1
Waterside slope: 2.5:1 from crest to EL 0 ft, and then 1.5:1
Crest width: 16 ft

All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)

Point B

Point A

Figure 
5-21

Project No. 26815621

Typical Cross Section 
with Drainage Ditch and 

25 ft Peat & Organic Layer

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Typical Cross Section
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Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
5-23

Project No. 26815621

Finite Element Mesh 
& Boundary Conditions

Typical Cross Section with Drainage Ditch 
and 25 ft Peat & Organic Layer

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Project No. 26815621

Finite Element Mesh 
& Boundary Conditions

Typical Cross Section witout Ditch 
and 25 ft Peat & Organic Layer

Delta Risk Management Strategy (DRMS)
Levee Fragility

      Legend
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Figure 
5-25

Project No. 26815621

Total Head & Vertical Gradient Contours
Typical Cross Section 

with Drainage Ditch for  5 ft Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility

WE: +4 ft

  0.1  
  0.1  

  0.2  

  0.2  
  0.3  

  0.4    1.6  

Dsistance( ft) (x  1000)
-1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

-100

-75

-50

-25

0

25

50

75

100

E
le

va
tri

on
 (f

t)

-100

-75

-50

-25

0

25

50

75

100

WE: +4 ft
  -

14
  

  -
12

  

  -
10

  

  -
8 

 

  -
6 

 

  -
4 

 

  -
2 

 

  0
  

  2  

  4  

Dsistance( ft) (x  1000)
-1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

-100

-75

-50

-25

0

25

50

75

100

E
le

va
tri

on
 (f

t)

-100

-75

-50

-25

0

25

50

75

100

(a) Total head contours for slough water elevation of +4 ft

(b) Vertical exit gradient contours for slough water elevation of +4 ft

Note:
Analysis CAse: 
            Mean Permeability values, 5 feet peat/organics, 
            model with drainage ditch and with slough sediment

All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)
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Figure 
5-26

Project No. 26815621

Total Head & Vertical Gradient Contours
Typical Cross Section 

with Drainage Ditch for  15 ft Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head contours for slough water elevation of +4 ft

(b) Vertical exit gradient contours for slough water elevation of +4 ft
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Note:
Analysis CAse: 
            Mean Permeability values, 15 feet peat/organics, 
            model with drainage ditch and with slough sediment

All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)



Figure 
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Project No. 26815621

Total Head & Vertical Gradient Contours
Typical Cross Section 

with Drainage Ditch for  25 ft Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head contours for slough water elevation of +4 ft

(b) Vertical exit gradient contours for slough water elevation of +4 ft
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Note:
Analysis CAse: 
            Mean Permeability values, 25 feet peat/organics, 
            model with drainage ditch and with slough sediment

All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)



Figure 
5-28

Project No. 26815621

Total Head & Vertical Gradient Contours
Typical Cross Section 

with Drainage Ditch for  35 ft Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head contours for slough water elevation of +4 ft

(b) Vertical exit gradient contours for slough water elevation of +4 ft
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Note:
Analysis CAse: 
            Mean Permeability values, 35 feet peat/organics, 
            model with drainage ditch and with slough sediment

All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)



Figure 
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Project No. 26815621

Vertical Gradients for 5 ft Peat/Organics
- Typical Cross Section with Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Note:
Analysis model: Typical cross section for Delta, 5 ft peat & organic layer, 
model with drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)
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Figure 
5-30

Project No. 26815621

Vertical Gradients for 5 ft Peat/Organics
- Typical Cross Section without Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
Analysis model: Typical cross section for Delta, 5 ft peat & organic layer, 
model without drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)
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Figure 
5-31

Project No. 26815621

Vertical Gradients for 15 ft Peat/Organics
- Typical Cross Section with Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
Analysis model: Typical cross section for Delta, 15 ft peat & organic layer, 
model with drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)
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Figure 
5-32

Project No. 26815621

Vertical Gradients for 15 ft Peat/Organics
- Typical Cross Section without Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
Analysis model: Typical cross section for Delta, 15 ft peat & organic layer, 
model without drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)

 

0.0

0.4

0.8

1.2

1.6

2.0

0 2 4 6 8 10 12

Slough Water Elevation (ft)

M
ax

. V
er

tic
al

 G
ra

di
en

t n
ea

r t
oe

,  
i y

, t
oe

mean-σ 

mean
mean+σ 

0.0

0.4

0.8

1.2

1.6

2.0

0 2 4 6 8 10 12

Slough Water Elevation (ft)

A
ve

ra
ge

 V
er

tic
al

 G
ra

di
en

t a
t B

, i
y,

B

mean-σ 

mean

mean+σ 

(a) (b)



Figure 
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Project No. 26815621

Vertical Gradients for 25 ft Peat/Organics
- Typical Cross Section with Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
Analysis model: Typical cross section for Delta, 25 ft peat & organic layer, 
model with drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)
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Figure 
5-34

Project No. 26815621

Vertical Gradients for 25 ft Peat/Organics
- Typical Cross Section without Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
Analysis model: Typical cross section for Delta, 25 ft peat & organic layer, 
model without drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)
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Figure 
5-35

Project No. 26815621

Vertical Gradients for 35 ft Peat/Organics
- Typical Cross Section with Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
Analysis model: Typical cross section for Delta, 35 ft peat & organic layer, 
model with drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)

 

0.0

0.2

0.4

0.6

0.8

0 2 4 6 8 10 12

Slough Water Elevation (ft)

Ve
rt

ic
al

 G
ra

di
en

t b
el

ow
 th

e 
di

tc
h,

 i y
,A

 

mean-σ 

mean mean+σ 

0.0

0.2

0.4

0.6

0.8

0 2 4 6 8 10 12

Slough Water Elevation (ft)

A
ve

ra
ge

 V
er

tic
al

 G
ra

di
en

t a
t B

, i
y,

B
 

mean-σ 

mean 

mean+σ 

(a) (b)



Figure 
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Project No. 26815621

Vertical Gradients for 35 ft Peat/Organics
- Typical Cross Section without Ditch  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
Analysis model: Typical cross section for Delta, 35 ft peat & organic layer, 
model without drainage ditch and slough sediment

All elevations are referenced to NAVD88
(NAVD88 = NGVD29+2.5 ft)
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Figure 
5-37

Project No. 26815621

Typical Cross Section for 
Suisun Marsh Levees  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)

Levee Geometry
             Crest elevation +8 ft
             Landside slope - From levee crest to EL+4 ft:1.5H:1V, followed by 3H:1V
             Waterside slope -  From levee crest to EL0 ft:1.5H:1V, followed by 2.5H:1V
             



Figure 
5-38

Project No. 26815621

Finite Element Mesh 
& Boundary Conditions

Typical Cross Section for Suisun Marsh

Delta Risk Management Strategy (DRMS)
Levee Fragility

      Legend

Boundary Conditions               Material Type                    
Sandy Levee Fill
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Sand (SP/SM)
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No flow

Review

Note:
All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)

Model: Typical cross section for Suisun Marsh
              with 25 ft peat & organics
            (Case- with slough sediment and without ditch)
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Figure 
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Project No. 26815621

Total Head & Vertical Gradient Contours
 for 25 ft Peat & Organics 

Typical Cross Section for Suisun Marsh

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Total head distribution contours

(b) Vertical gradient contours

Note:
All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)

Analysis Case: Mean permeability veaues, Slough Water Elevation +4 ft, 
             Peat and Organic Thickness 25 ft, Model without Ditch , and 
             2 ft silt sediment presents at slough bottom 

For Suisun Marsh, 
             Mean High Tide ~ +5.5 ft
             Mean Low Tide  ~ +0.3 ft
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Figure 
5-40

Project No. 26815621

Vertical Gradients for 5, 25, and 
45 ft Peat/Organics

Typical Cross section for Suisun Marsh  

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
All elevations are referenced to NAVD88
                    (NAVD88 = NGVD29 + 2.5 ft)

Analisis Case: Model without ditch and with slough sediment
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Figure 
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Project No. 26815621

Effect of Aquifer Thickness on 
Vertical Gradient

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Model with Ditch (b) Model without Ditch
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Figure 
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Project No. 26815621

Effect of Slough Sediment Thickness
on Vertical Gradient

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Effect of Slough Bottom Elevation
on Vertical Gradient

Delta Risk Management Strategy (DRMS)
Levee Fragility

Note:
All elevations are referenced to NAVD88
             (NAVD88 = NGVD29 + 2.5 ft)
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Figure 
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Effect of Slough Width
on Vertical Gradient

Delta Risk Management Strategy (DRMS)
Levee Fragility

(a) Model with Ditch (b) Model without Ditch
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Probability of Failure versus 
 Exit Gradient 

-No Human Intervention

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Probability of Failure versus 
 Exit Gradient 

- With Human Intervention
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Probability of Failure versus Vertical Exit Gradient for Under-seepage (Smoothed) - 
With Human Intervention
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Probability of Failure versus.
Flood Stage

Delta Risk Management Strategy (DRMS)
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Figure 
6-1
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LogicTree Approach to 
Estimate Deformation under 

Seismic Loading

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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P-Q Plot at 5% Shear Strain
for Peat

Total Stress
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P'-Q Plot at 5% Shear Strain
for Peat

Effective Stress
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Figure 
6-4a
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(N1)60-CS Distribution for
Levee Sand with (N1)60-CS < 20

(using SPT data)
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Figure 
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(N1)60-CS Distribution for
Levee Sand with (N1)60-CS < 20

(using CPT data)
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Figure 
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(N1)60-CS Distribution for
Foundation Sand with (N1)60-CS < 20
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Figure 
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Probability of Failure 
vs Dv / Ini-FB 

(Vertical Displacement / Initial Free Board)

Delta Risk Management Strategy (DRMS)
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Figure 
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Comparison of Maximum Acceleration Profile
QUAD4M 2D, 1D and SHAKE

Idealized Section
25 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Calculated Displacements for Validation
QUAD4M vs FLAC

Steep Slope Water Side Slope
5 Feet of Peat
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Figure 
6-9

Project No. 26815621

Calculated CRR for
Foundation Sand Layer

M 7.5
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Calculated CRR for
Foundation Sand Layer

M 6.5
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Calculated CRR for
Foundation Sand Layer

M 5.5
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Figure 
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Strain Compatible Strength
Peat vs Mineral Soil
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Figure 
6-13

Project No. 26815621

Typical Vs Profile
Sherman Island
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Figure 
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G/Gmax Curves for
Peat

(Wehling et al., 2001)
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Figure 
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Damping Curves for
Peat

(Wehling et al., 2001)
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Figure 
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Modulus and Damping Curves used in
Dynamic Analysis
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Figure 
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Target Response Spectra for
M5.5 @ 20km, M6.5 @ 20km, and 

M7.5 @ 75km
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Figure 
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Spectrally-Matched Time history for M 5.5 Event
for 1991 Sierra Madre Earthquake

at Station USGS 4734, 360 deg Component
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Figure 
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Spectrally-Matched Time History for M 5.5 Event
for 1991 Sierra Madre Earthquake

at Station USGS 4734, 270 deg Component
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Figure 
6-19

Project No. 26815621

Spectrally-Matched Time History for M 6.5 Event
for 1987 Superstition Hills Earthquake
at Station Wildlife Liquefaction Array, 

090 deg Component
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Figure 
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Spectrally-Matched Time History for M 6.5 Event
for 1987 Superstition Hills Earthquake
at Station Wildlife Liquefaction Array, 

360 deg Component
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Figure 
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Project No. 26815621

Spectrally-Matched Time History for M 7.5 Event
for 1992 Landers Earthquake
at Station Hemet Fire Station, 

000 deg Component
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Figure 
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Spectrally-Matched Time History for M 7.5 Event
for 1992 Landers Earthquake
at Station Hemet Fire Station, 

090 deg Component
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Figure 
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Comparison of Response Spectra
for M 5.5 Event

Delta Risk Management Strategy (DRMS)
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Figure 
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Comparison of Response Spectra
for M 6.5 Event

Delta Risk Management Strategy (DRMS)
Levee Fragility

0.01 0.1 1 10
Period (s)

0.00

0.10

0.20

0.30

0.40

0.50

S
pe

ct
ra

l A
cc

el
er

at
io

n(
g)

Target
Superstition Hills, 360 deg
Superstition Hills, 270 deg



Figure 
6-25

Project No. 26815621

Comparison of Response Spectra
for M 7.5 Event
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Bradford Island - Station 169+00
Stability Analysis - Long Term
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Holland Island - Station156+00
Stability Analysis - Long Term
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Sherman Island - Station 650+00
Stability Analysis - Long Term
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Sherman Island - Station 650+00
Stability Analysis - Seismic
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Figure 
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Finite Element Model for Seismic Analysis
sherman Island - Station 650+00
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Calculated Newmark Displacements
Sherman Island - Sta. 650+00

35 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0 0.1 0.2 0.3 0.4 0.5 0.6

PGA (g)

D
is

pl
ac

em
en

t (
ft)

M7.5,H1
M7.5,H2
M6.5,H1
M6.5,H2
M5.5,H1
M5.5,H2



Figure 
6-32

Project No. 26815621

Calculated FLAC Displacements
Sherman Island - Sta. 650+00

35 Feet of Peat
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Idealized Section
Stability Analysis - Seismic

No Peat
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Idealized Section
Stability Analysis - Seismic

5 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Idealized Section
Stability Analysis - Seismic

15 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Project No. 26815621

Idealized Section
Stability Analysis - Seismic

25 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Idealized Section
Stability Analysis - Seismic

Suisun Marsh

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Project No. 26815621

Finite Element Model for Seismic Analysis
Idealized Section - No Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Project No. 26815621

Finite Element Model for Seismic Analysis
Idealized Section - 5 ft Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Finite Element Model for Seismic Analysis
Idealized Section - 15 ft Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Finite Element Model for Seismic Analysis
Idealized Section - 25 ft Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Finite Element Model for Seismic Analysis
Suisun Marsh Section

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along Free Field Column: Island Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - No Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along the Center Line of Levee

(M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - No Peat

Delta Risk Management Strategy (DRMS)
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along Free Field Column: Water Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - No Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along Free Field Column: Island Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 5 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

Point 5
Elev. -10 ft

(Top of Peat)

Point 3
Elev. -40 ft
(Bottom of 

Loose Sand)

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

Point 2
Elev. -80.0 ft
(Bottom of 

Dense Sand)

Point 1
Elev. -100.0 ft

(Base)

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

Point 4
Elev. -15 ft

(Bottom of Peat)



Figure 
6-47

Project No. 26815621

Horizontal Acceleration 
Time Histories Along the Center Line of Levee

(M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 5 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along Free Field Column: Water Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 15 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

Point 3
Elev. -40 ft
(Bottom of 

Loose Sand)

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

Point 2
Elev. -80.0 ft
(Bottom of 

Dense Sand)

Point 1
Elev. -100.0 ft

(Base)

0 10 20 30 40 50 60
Time - sec

-0.4
-0.2
0.0
0.2
0.4

A
cc

el
er

at
io

n 
- g

Point 4
Elev. -15 ft

(Top of 
Loose Sand)



Figure 
6-49

Project No. 26815621

Horizontal Acceleration 
Time Histories Along Free Field Column: Island Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 15 Feet of Peat

Delta Risk Management Strategy (DRMS)
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Horizontal Acceleration 
Time Histories Along the Center Line of Levee

(M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 15 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along Free Field Column: Water Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 15 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Horizontal Acceleration 
Time Histories Along Free Field Column: Island Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 25 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along the Center Line of Levee

(M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 25 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Horizontal Acceleration 
Time Histories Along Free Field Column: Water Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Idealized Section - 25 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Figure 
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Project No. 26815621

Horizontal Acceleration 
Time Histories Along Free Field Column: Island Side

(Input Motion: M 7.5 Horizontal-1 PGA 0.20g)
Suisun Marsh Section

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Horizontal Acceleration 
Time Histories Along the Center Line of Levee

(M 7.5 Horizontal-1 PGA 0.20g)
Suisun Marsh Section

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Input Motion M 7.5 H1, 0.2g

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Pore Pressure Time History
at Liquefiable Sand Layer

Idealized Section - 25 ft Peat
Input Motion M 7.5 H1, 0.2g
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Displacement Contours
Idealized Section - 5 ft Peat
Input Motion M 7.5 H1, 0.2g
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Displacement Contours
Idealized Section - 5 ft Peat
Input Motion M 7.5 H1, 0.2g
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Displacement Contours
Idealized Section - 5 ft Peat
Input Motion M 7.5 H1, 0.2g
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Displacement Contours
Idealized Section - 15 ft Peat
Input Motion M 5.5 H1, 0.2g
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Displacement Contours
Idealized Section - 15 ft Peat
Input Motion M 6.5 H1, 0.2g
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Displacement Contours
Idealized Section - 15 ft Peat
Input Motion M 7.5 H1, 0.2g
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Displacement Contours
Idealized Section - 25 ft Peat
Input Motion M 5.5 H1, 0.2g
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Displacement Contours
Idealized Section - 25 ft Peat
Input Motion M 6.5 H1, 0.2g
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Displacement Contours
Idealized Section - 25 ft Peat
Input Motion M 7.5 H1, 0.2g
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Calculated FLAC Displacements
Idealized Section with

Liquefiable Foundation Sand Layer
5 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Calculated FLAC Displacements
Idealized Section with

Liquefiable Foundation Sand Layer
15 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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Calculated FLAC Displacements
Idealized Section with

Liquefiable Foundation Sand Layer
25 Feet of Peat

Delta Risk Management Strategy (DRMS)
Levee Fragility
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FLAC Deformed Mesh
for Post Seismic Static

Slumping Analysis
Residual Strength of Embankment 230 psf
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Development of
Seismic Vulnerability Curve

Delta Risk Management Strategy (DRMS)
Levee Fragility
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